Introduction
Multi-year droughts have been a recurrent feature of the climate and hydrology of Kansas since at least the 1930s. Streamflow records collected by the U.S. Geological Survey (USGS) indicate that water years 2000 to (October 1, 1999 , through September 30, 2006 represent the sixth hydrologic drought during the past eight decades, and that corresponding streamflow levels in some parts of Kansas were lower than those during historic droughts of the 1930s and 1950s, even though the precipitation deficit was not as severe. Low streamflows during the hydrologic drought also resulted in record low levels at three Federal reservoirs in Kansas ( fig. 1, table 2 ). An unprecedented number of administrative decisions were made by the Division of Water Resources, Kansas Department of Agriculture to curtail water diversions from rivers to maintain minimum desirable streamflows, and low flows on the lower Republican River in Kansas created concerns that Colorado and Nebraska were not complying with the terms of the 1943 Republican River Compact.
Statewide Runoff and Streamflow Conditions
Daily streamflow data for water years 1900-2007 are used to estimate average annual runoff (streamflow per unit area) for all streamgages in Kansas (U.S. Geological Survey, 2006a). The median runoff for each water year is then determined.
Statewide median runoff for Kansas for water years 1920-2006 (fig. 2 ) indicates large departures from median runoff during five historic hydrologic droughts in Kansas that occurred during 1929 -41, 1952 -57, 1962 -72, 1974 -82, and 1988 -92 (Paulson and others, 1991 fig. 1 ), whereas the 1950s drought effect was focused more in southeastern Kansas on the Verdigris, Fall, and Neosho Rivers (Paulson and others, 1991) . Average annual flows at four long-term streamgages ( fig. 3 ) indicate that average annual streamflow during 2000-06 at each of the streamgages was less than the average annual streamflow during other historic droughts in Kansas. Furthermore, the average annual flow for all streamgages was less than 25 percent of long-term median annual flow during 2000-06, indicating the severity of the drought. For example, annual average streamflow for the Republican River at Clay Center (site 5, fig. 1 , fig. 3A , table 1), in continuous operation since 1919, was less than the longterm median streamflow each water year since 2000 and was the lowest on record in water year 2006. Moreover, five of the 10 lowest annual average flows for the Clay Center gage occurred during 2000-06 (U.S. Geological Survey, 2006b). 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 
Current and Historic Precipitation

Runoff-Precipitation Relation
The Statewide relation between runoff and precipitation (fig. 5) does not indicate that there has been a significant change in runoff between past droughts and the 2000-06 drought when comparing the lowest five consecutive years of runoff in each drought. This statewide analysis, however, includes many areas of Kansas that were not even in drought conditions during much of 2000-06. The relation indicates that, generally, runoff increases as precipitation increases, an intuitive conclusion. However, if the same analysis is completed using median annual runoff for the four long-term sites in Kansas ( fig. 3 ) that represent the worst drought-affected areas during the 2000s drought, the results appear different ( fig. 6 ) because the regional affects of the 2000s drought are not smoothed by statewide averaging (PRISM, 2007) , which provides precipitation data that are distributed over a delineated river basin. National Oceanic and Atmospheric Administration divisional precipitation data (used in analysis in figure 5 ) is collected at nine nearly equal areas in Kansas, and does not provide data for a specific basin. In fact, these precipitation data may include data for parts of several river basins; therefore, it was not used. The relation between annual precipitation for the river basin, and averaged annual runoff for the four sites during the five driest consecutive years for each drought (same water years as those used in previous analysis) was much lower during the 2000s drought than during the 1930s and 1950s drought, even though average precipitation was greater ( fig. 6 ). This analysis indicates a change in the runoff-precipitation relation between earlier droughts and the current drought.
The runoff ratio, the amount of precipitation that becomes streamflow, can be computed annually for each of the sites listed above by dividing the annual runoff by annual precipitation and multiplying by 100. A 5-year moving average was used to smooth the computed annual runoff ratios. For each site, the mid year of the five consecutive driest years during each drought was determined for each drought. For each site, the runoff ratio has decreased for each drought, and the more recent droughts have a lower runoff ratio, as shown in figure  7 . The runoff ratio for the 2000s drought was the lowest of all droughts. The decreases in runoff-precipitation ratio for the four sites in figure 7 indicate that less precipitation was contributed to streamflow during the 2000s drought then in the previous droughts, and that this change has occurred progressively with time. What may contribute to this change? One of the most significant water-and land-management changes in Kansas has been the construction of a large number of small lakes used for water supply and flood control. The number of small lakes in Kansas has increased from 12 in 1920 to 5,240 in 1995 5,240 in (USACE, 2007 . For example, nearly 78 percent of the basin upstream from Solomon River at Niles (site 16, fig. 1, fig. 7C , table 1) is affected by impoundments (Putnam, 2003) . These impoundments trap runoff that may be slowly released, or the water is lost by infiltration or evaporation, and never reaches a stream channel. Other conservation and farming practices, such as contour farming and terraces, also may contribute in part to the change in runoff ratio because these land-management practices trap runoff, allowing it to infiltrate slowly into the ground instead of flowing into streams. Other changes in land management, such as conversion of crop land to grassland (Conservation Reserve Program), also may affect the runoff-precipitation ratio.
Demand for water has increased in Kansas and is expected to continue to increase. Changes in water use also may be a factor in the runoff ratio decrease. Increases in water demand become a management issue during periods of drought (Nace and Pluhowski, 1965) . Water use in Kansas increased 200 percent between 1955 and 1980 (Joan Kenny, USGS, written comm., 2007 Many other factors in addition to those discussed in the preceding paragraphs, or a combination of factors, could be affecting the historical relation between runoff and precipitation, the change in runoff ratio, and the low streamflows documented during the 2000s hydrologic drought. A better understanding of the runoff ratio change and the contribution of each of the factors needs more study and is beyond the scope of this paper, but is critical to improved drought management. 
Effects of Low Streamflows in Kansas, Water Years 2000-06
Record-low water levels at Milford Lake near Junction • City (site 6, fig. 1 
What Does the Future Hold?
Streamflow conditions during future droughts in Kansas may look more like those that occurred during 2000-06 on the Republican, Saline, Solomon, and Smoky Hill Rivers than those during the 1950s largely because of the factors noted earlier in this paper. In fact, if a sustained period of below-normal precipitation occurs, comparable to the 1950s, future hydrological droughts in Kansas probably will be much more severe than any previous droughts on record, and streamflows will be adversely affected. If climate change occurs and results in even more severe precipitation deficits during droughts, streamflow probably will be even more severe; therefore, State programs initiated to manage water supplies for users during drought that are based on the 1950s drought may need to be modified, or new programs may need to be developed to better reflect the lower streamflows that may occur in future droughts with similar, or even less amounts, of precipitation that occurred in the 1950s drought. More study also is needed to understand the historic change in runoff ratio and the factors that contribute to this change.
